Based on studies of floristic lists the contribution of forest tree and shrub species in a forested savanna area in the city of Bauru, State of São Paulo, and in 14 different places sheltering cerrado sensu stricto and cerradão in Brazil is defined as the evidence of forest species causing a change of cerrado heterogeneity. The percentages of occurrence of forest species in the locations analyzed varied from zero to 4.5%. The proximity of different forest matrices, the occurrence of fires and the inclusion criteria used were some of the factors that may have influenced such variation.
INTRODUCTION
Cerradões, or forested savannas, a terminology defined and used by Veloso (1992) , widely occur in the cerrado biome and are, in the Brazilian vegetation system, often associated with transitions between the latter and seasonal semideciduous forests (Oliveira-Filho and Ratter, 2002) . A discontinuous merging between the savannas and seasonal forests is also frequent along ecotonal areas (Leitão Filho, 1982) , where the cerrado biome shows a greater floristic affinity with this forest phytocenosis than with ombrophilous forests (Méio et al., 2003) . Exchanges of floristic elements among savanna formations and Atlantic and Amazonian forests possibly have been occurring since the Quaternary (Ab'Sáber, 2003) and have been facilitated by such access paths as gallery forests (Rizzini, 1997) . It has been said that more than half of the flora of central Brazil savanna originates from other types of vegetation (Rizzini, 1971) . Therefore, the heterogeneity of the cerrado flora is thus influenced by the proximity of different forest phytocenoses (Rizzini, 1997) . In a comprehensive floristic comparison of the Central Brazilian savannas then known, Rizzini (1971) concluded that more than half of their species came from other plant formations. Different abiotic factors, such as wateravailability (Silberbauer- Gottsberger and Gottsberger, 1984) , humidity and edaphic fertility (Durigan et al., 2003) and the action of fires (Coutinho, 1990 ) may influence the definition of the local floristic composition in savanna formations (Coutinho, 1978; Braithwaite, 1996; Miranda et al., 2002) . Besides these facts, frosts can also be considered, but they are climatic phenomena almost absent in most of Brazil (Cavassan, 2002) , and may affect plant species in different manners (Silberbauer-Gottsberger et al., 1977) .
In regions where anthropic intervention has been suppressed or diminished, especially through the absence of fires, savanna areas begin to present secondary succession, manifested by an increase in local vegetation cover and density and an enrichment of the floristic composition due to the immigration of species sensitive to the effects of fires (Henriques and Hay, 2002) , especially forest species (Hopkins, 1992) . The present work aimed at analyzing the influence of the seasonal semideciduous forest on the floristic composition of a forested savanna located in Southeastern Brazil, close to the southern limit where savanna formations occured. It also aimed to compare the influence of forest species on the forested savanna studied and in other savanna formations from other Brazilian locations, using some hypotheses to explain why forest species have colonized areas of savanna phytocenoses, and the expansion of forest formations into areas once occupied by cerrados.
MATERIALS AND METHODS
Characterization of the area of study: Located in the district of Bauru, in the center-west of the State of São Paulo, the Municipal Botanical Garden of Bauru (JBMB, with center geographic coordinates 22º 20' S and 49º 00' W), is situated to the southeast of the urban perimeter (Bauru, 1997) . Its 321.71 ha area of native vegetation are mainly covered with forested savanna (circa 277 ha), but also include a seasonal semi-deciduous forest (12 ha) and a remnant of hygrophyllous forest (1 ha) restricted to a small area close to the Vargem Limpa creek ( Fig. 1) , which crosses the JBMB (Pinheiro et al., 2002) .
Figure 1 -Distribution of vegetation in JBMB, Bauru, Brazil
Some parts of the area were deforested and burnt in the past. The last major fire happened in 1994 which, added to others that occurred before left its vestiges still found today in some small areas of the forested savanna and on the border of the seasonal forest. The JBMB borders on estates as the registered areas of the UNESP campus, 90 ha, and that of the Instituto Lauro de Souza Lima, 217 ha, where forested savanna prevails (Pinheiro, 2000) . Further information on the history of the area of study and the JBMB, such as soil features, climate and vegetation can be found in Pinheiro et al. (2002) . Methodology: The collection of botanical material from tree and shrub species took place with random walks and, although concentrated in the savanna forest, i.e., close to the area of transition with the contiguous seasonal semi-deciduous forest, they also occurred within the interior of the seasonal forest. After taxonomically identified based on comparisons in herbaria, and through consultations to specialists and bibliography, complete collections of the sampled species were deposited at the HRCB and UEC herbaria (Universidade Estadual Paulista at Rio Claro, and Universidade Estadual de Campinas, respectively). These species were organized into a floristic list, according to their families, genera and collection numbers, as occurring at least in the forested savanna, or in both phytocenoses ( forested savanna and seasonal semi-deciduous forest, Table  1 ). The correct spelling of the scientific names and of the abbreviations of the different authors' names were looked up in the International Plant Names Index, (www.ipni.org) and the W3TROPICOS (www.mobot.org) databank. The analyses of the exchanges of floristic elements were limited to determining the occurrence of forest species within the forested savanna. The species database were the lists found in Goodland (1970) , Rizzini (1971) , Heringer et al. (1977) , Leitão Filho (1992), Mendonça et al. (1998) , Castro et al. (1999) , Ratter et al. (2000) , Ratter et al. (2003) and Durigan et al. (2004) . In addition, information from the Foundation André Tosello database (www.bdt.fat.org.br) and a floristic report contained in the Resolução SMA 47/03, that guides the practices of mixed reforestation in degraded areas (Barbosa, 2004) were also used to characterize the species found in the JBMB for their the ability to occupy different habitats as specialist or generalist (Table 1) . Following the concepts used by Rizzini (1971) , the taxa here sampled were defined as peculiar to forest formations when not reported as savanna species in the above mentioned sources. Thus, since they could be considered as accessory to the savannas (Rizzini, 1971) , the generalist species were not included. Floristic lists of species found in riverine forests (Silva Júnior et al., 1998; Rodrigues and Nave, 2000; Felfili et al., 2001; Silva Júnior et al., 2001) were used to define whether the species considered peculiar to forest formations could also be found close to waterways. An analysis of the occurrence of plant species uncharacteristic of savanna formations coming from forest phytocenoses in 14 other areas from the States of São Paulo, Paraná, Minas Gerais, Mato Grosso and Distrito Federal (Ferracini et al., 1983; Pagano et al., 1989; Toledo Filho et al., 1989; Felfili et al., 1993; Durigan et al., 1994; Bicudo et al., 1996; Paschoal and Montanholi, 1997; Uhlmann et al., 1998; Araújo et al., 1999; Durigan et al., 1999; Batalha and Mantovani, 2001; Costa and Araújo, 2001; Durigan et al., 2002; Felfili et al., 2002) was carried out. The results obtained and methodological features used in these areas were compared to those of the present study. The different analyses involving taxa coming from forest formations considered only thosetree and shrub species that could not be included in the group of the characteristic or accessory species of savanna formations, as defined according to the lists here used.
RESULTS
A total of 135 species belonging to 53 families were found, out of which 70 species were found only in the forested savanna and 65 in both phytocenoses (Table 1) , i.e., in the forested savanna and in the seasonal semi-deciduous forest. Of the nine families richest in species (Rubiaceae, with 11, Mimosaceae 10, Asteraceae, Malpighiaceae and Myrtaceae with 9 each, and Caesalpiniaceae, Erythroxylaceae, Verbenaceae and Vochysiaceae with 5 each) in the forested savanna of JBMB, Mimosaceae presented one species peculiar to forest formations, Inga marginata, which occured in both riverine and gallery forests (Rodrigues and Nave, 2000; Silva Júnior et al.,2001) . Of the total of the tree and shrub species found in the JBMB, 4 were not mentioned by the works used as a reference: Cecropia catarinensis, Eupatorium inulaefolium, Faramea latifolia and Heteropteris pannosa; 6 were defined as characteristic from forest formations: Cestrum pedicellatum, Dalbergia frutescens, Inga marginata, Psychotria capitata, Stylogyne ambigua and Guapira hirsuta, of which only C. pedicellatum and G.hirsuta could not be found in gallery or riverine forests. Of the tree and shrub species found in JBMB that occurred both in the seasonal forest and the forested savanna, some could be defined as generalists for their capacity of occurring in different habitats, e.g., Casearia sylvestris, Copaifera langsdorffii, Siparuna guianensis and Trichilia pallida (Barbosa, 2004) , and others could be considered characteristic of savanna formations, that is, specialists of these formations, e.g., Annona coriacea, Miconia albicans and Vochysia tucanorum, which were also found in both phytocenoses (Table 1 ). The number of species characteristic of forest formations as a ratio of the total number of species in areas occupied by cerrado in different regions of Brazil and in the area of study gave percentages of occurrence varying between zero and 4.5% (Table  2 ). The highest percentage was found in the cerradão of the JBMB and in the cerrado s.s. of Agudos (Paschoal and Montanholi, 1997) , followed by the forested savanna of Uberlândia (3.2%) (Costa and Araújo, 2001) . As for the possibility of the species defined as characteristic of forest formations occurring along waterways, the numbers varied from 0 to 4 species and were higher in the cerradão ( Mendonça et al. (1998) as a species that also occurs in gallery forests, and Q. jundiahy was described by the Resolução SMA 47/03 as a species whose distribution, as for the cerrado biome of São Paulo, was restricted to the central region of the State. Thus, in this work, both species were kept within the limited group of species characteristic of the forest formations. The number of species reported as peculiar to forest formations found in JBMB and in the locations used as a comparison could be higher since many species did not appear in the floristic reports used. (Ferracini et al., 1983) 27 0 0 ft cd Corumbataí, SP (Pagano et al., 1989) 96 0 0 f cd Moji-mirim, SP (Toledo Filho et al., 1989) 104 0 0 ft cd Itirapina, SP (Durigan et al., 1994) 44 0 0 ft cs Botucatu, SP (Bicudo et al., 1996) 58 1 (1,7) 1 f cd Agudos, SP (Paschoal and Montanholi, 1997) 67 3 (4,5) 2 f cs Franca, SP (Araújo et al., 1999) 65 2 (3,1) 2 f cd Assis, SP (Durigan et al., 1999) 154 1 (0,6) 1 f cs Assis, SP (Durigan et al., 1999) 192 5 (2,6) 4 f cd S.Rita Passa Quatro, SP (Batalha and Mantovani, 2001) 114 1 (1,0) 1 f cs S.Rita Passa Quatro, SP (Batalha and Mantovani, 2001) 82 1 (1,2) 0 f cd Brotas, SP (Durigan et al., 2001) 78 0 0 ft cs Jaguariaíva, PR (Uhlmann et al., 1998) 33 0 0 ft cs Águas Emendadas, DF (Felfili et al., 1993) 72 0 0 f cs Patrocínio, MG (Felfili et al., 1993) 68 0 0 f cd Uberlândia, MG (Costa and Araújo, 2001) 76 0 0 ft cs Uberlândia, MG (Costa and Araújo, 2001) 93 3 (3,2) 3 ft cd Água Boa, MT (Felfili et al., 2002) 80 0 0 f cs References: 1 -Rodrigues and Nave (2000); Felfili et al. (2001); Silva Júnior et al. (1998; .
DISCUSSION
The results involving the families with the highest number of species in the Cerradão of the JBMB did not differ much from those obtained by Rizzini (1971) and Heringer et al. (1977) , who analyzed the specific flora composition of savanna formations in Brazil. Out of the 9 families richest in species in the present survey, only Erythroxylaceae, with 5 species in the total, does not appear among the richest in species for the biome cerrado in Brazil, being possibly a local feature of this vegetation in JBMB. Of the 6 species defined as peculiar to forest formations found in the JBMB, i.e., species not peculiar to or accessory to savanna formations, definition based on the terminology presented by Rizzini (1971) , only Guapira hirsuta was not found along waterways. This information indicated the importance of the proximity of waterways for a possible occupation of savanna formations by forest species that in regions dominated by cerrados, were restricted to valley bottoms, where forest communities sustained themselves due to higher humidity (Richards, 1996) . This hypothesis was corroborated by the results obtained by Gomes et al. (2004) , who found that out of the 125 species of their study on a forested savanna located next to a creek, 29 species did not belong to the cerrado. According to the same criteria used in the other works considered in this study, of the total number of species, 13.6% could be defined as peculiar to forest formations. Although some of the species found in the JBMB, considered as peculiar or characteristic of savanna formations, e.g., Annona coriacea, Connarus suberosus, Miconia albicans, Qualea grandiflora, Q. multiflora and Vochysia tucanorum (Table 1) , were found within the seasonal semi-deciduous forest, their characterization as specialists of savanna phytocenoses should not be questioned. This phenomenon might have happened as a consequence of the expansion of the limits of the seasonal and gallery forests through areas that used to be occupied by forested savanna, after a period without perturbations (Hopkins, 1992; Ratter, 1992) . The occurrence of a high number of generalist or ubiquitous species in the savanna forest of the JBMB coincided with the observation by Gomes et al. (2004) on the high presence of these species in the cerrados of the State of São Paulo.
As should be expected, due to the favorable microclimatic conditions in the interior of the cerradão, a denser vegetation than cerrado s.s., with lower incidence of light and higher humidity (Eiten, 1972) , the occurrence of species peculiar to forest formations was higher in this physiognomy for most of the areas reported. The commonest forest species in the different places studied were Faramea cyanea and Qualea jundiahy, which occurred at 4 different locations. All other species occurred in only one place. At Uberlândia (Costa and Araújo, 2001) , where surveys were carried out in both physiognomies, forest species were only found in the forested savanna. Nevertheless, in Assis (Durigan et al., 1999) and Santa Rita do Passa Quatro (Batalha and Mantovani, 2001) , forest species were found in both phytocenoses. In Santa Rita do Passa Quatro, the percentage of forest species was slightly higher in the cerradão, although it is not the dominant physiognomy in that area. The highest percentage of forest species in savanna physiognomies among the works analyzed, 4.5% (Table 2) , was found both in the cerradão of the JBMB and in the cerrado s.s. located in Agudos (Paschoal and Montanholi, 1997) . In the case of the JBMB, the proximity of the forest matrix and of a waterway must have influenced this value. Still, in Agudos, since there was a lack of more detailed description of this remnant of cerrado, defining the physiognomy of that fragment as cerrado s.s, in the present work might be improper, as it could actually be cerradão.
The non-occurrence of forest species in the cerradões of some locations could be due to the inclusion criteria adopted, which excluded young tree and shrub individuals in general (Ferracini et al., 1983; Toledo Filho et al., 1989; Durigan et al., 2002; Felfili et al., 2002) . Savanna phytocenoses could present a higher frequency of individuals peculiar to small-sized forest formations, because of the competition in an environment distinct from that to which they were adapted. Another possible reason would be their natural inexistence in these areas, a phenomenon favored by the fact they were more distant from forest matrices and waterways, and more isolated (Pagano et al., 1989) . The non occurrence of forest species in savanna formations, even when close to waterways, could be caused by fires (Durigan et al., 1994; Uhlmann et al., 1998) , and to stronger anthropic action, as it was found in Patrocínio (Felfili et al., 1993) . An indication of the occurrence of plant species uncommon in savanna formations could be found in different works on cerrados, where the authors highlighted the exclusion of these species from their respective studies (Mantovani et al., 1985; Durigan et al., 2003) . The small number of common forest species among the different phytocenoses compared and that sheltered savanna remnants, could be a reflection of the high floristic heterogeneity of the cerrado biome (Vieira et al., 2002) . Yet another possibility must be considered, i.e., species which could not be characterized as for their habitats of occurrence could belong to the group of species characteristic of forest formations, what would increase the percentage of species of this group in relation to the total of species occurring in the different places analyzed. Still, some of the species defined as characteristic of forest formations could also occur in the savanna in different regions of Brazil, under different ecological conditions. Although the floristic and phytosociological lists from different locations reported in this study might have suffered interferences of the sampling effort, and of other criteria used in the surveys, the floristic information they contained could indicate probable mechanisms involved in the exchange of floristic elements between savanna and forest phytocenoses (Rizzini, 1971; Heringer et al., 1977) and the colonization of savanna formations by forest species (Hopkins, 1992; Richards, 1996) . Such phenomenon that could increase the savanna floristic richness, would include not only generalist species but also many species accessory to the cerrado flora (Rizzini, 1971) and forest species, possible occupiers of savanna formations, especially of forested savanna (Pagano et al., 1989) , whose source of propagules could be the contiguous forest matrices (Fernandes, 2000) , such as seasonal semi-deciduous and gallery forests. The occupation of savanna formations by forest species could be explained through the phenomenon of facilitation (Ricklefs, 1993) , described by Labouriau (1966) , in which generalist tree species, e.g., Copaifera langsdorffii, would act as pioneers in the forest colonization of cerrados, then allowing the posterior occupation by other forest species, since their canopies created a favorable micro-climate (Ricklefs, 1993) . Furthermore, many of the arboreal generalist species, although not locally abundant as a consequence of their less efficient use of local resources during the competition with specialists (Odum, 1996) , would nevertheless be able to occupy the cerrado because of their tolerance to exposure to sun and extreme edaphic conditions (Gottsberger and Morawetz, 1986) , in addition to their efficient exploitation of different microhabitats (Begon et al., 1996) . The occurrence of species not peculiar to savanna formations, e.g., Dalbergia frutescens, Inga marginata, Stylogyne ambigua, Guapira hirsuta and others usually sensitive to the action of fire (Richards, 1996) in the interior of the forested savanna of the JBMB, seemed to indicate that this area might undergo secondary succession (Henriques and Hay, 2002) . This would facilitate the establishment of forest species nearby the bed of the Vargem Limpa creek (Fig. 1) , in places that used to be occupied by seasonal and gallery forest and are currently protected from the action of fires. In the JBMB, the result of the action of fire could be seen in different points of the forest ecotone. The effects of repeated fires had a striking influence on the vegetation complex and provoked the retraction of the seasonal semi-deciduous forest limits, which used to occupy lower topographic heights, throughout the more humid parts of valley bottoms. In places more severely hit by fires, sparse tree and shrub vegetation were encountered, presenting individuals with burnt rhytidome, and abundant herbaceous vegetation, mainly composed by the grasses Andropogon bicornis L., Brachiaria plantaginea (Link) Hichc., Setaria vulpiseta (Lam.) Roem. and Schult., Imperata sp. and Paspalum sp. Although Ratter (1992) asserted that transitions between seasonal forests and savanna formations were defined by edaphic factors, with fires having little influence, in the JBMB ecotone the action of repeated fires might have exerted strong influence on the definition of the transition between both phytocenoses. Explanations for the abrupt transitions between forest and savanna formations found in some places of the area of study have equally considered edaphic and topographical features and the action of fires (Coutinho, 1990) , recurrent and very intense at some times of the history of the JBMB. The edaphic influence should not be despised in the definition of the limits between both phytocenoses, e.g., the level of ground water (Sarmiento, 1996) , and higher percentages of clay and silt in relation to the content of sand in lower heights of the terrain that would retain water for longer periods of time. The higher humidity would favor the occupation of the valley bottoms by forest formations in areas of savanna (Eiten, 1972; Leitão Filho, 1982) . The results of the present work seemed to corroborate the hypothesis of the floristic influence of hygrophilous and generalist forest species in the cerrados (Ab'Sáber, 2003) . In addition, the riverine or gallery forests, which were extensions of the Atlantic and Amazonian forest formations in the interior of the cerrado (Rizzini, 1997) could act as access paths for generalist species of forest origin, e.g., Casearia sylvestris, Protium heptaphyllum and Tapirira guianensis (Oliveira Filho and Ratter, 2000) , supposedly indifferent to variations of the edaphic humidity, luminosity and temperature degrees (Walter and Ribeiro, 1997) . These species would contribute to the floristic composition of savanna formations. In areas free from the action of fires, they would facilitate the colonization of cerrados by different forest species. This phenomenon could be related to the expansion of forest remnants in places protected from the action of fires (Hopkins, 1992; Ratter, 1992) . Together with the major proximity of forest remnants (Ribeiro and Tabarelli, 2002) in areas with low incidence of fires, it would favor the establishment and development of propagules of a higher richness of species, especially those sensitive to the action of fire (Henriques and Hay, 2002) . Some tree species found in the area of study, such as Dendropanax cuneatum, Tabebuia aurea and Terminalia glabrescens, were not mentioned by Leitão Filho (1992) among the tree species of the cerrados of the State of São Paulo, and should be considered as an addition to his survey. Other species found in the different works used as comparisons were not present in the floristic reports used as a reference, which reinforces the need to update these floristic lists. The occurrence of species peculiar to or characteristic of forest formations in savanna phytocenoses could represent an important mechanism of occupation of the cerrados by species not tolerant to fire, when this factor was suppressed (Jeltsch et al., 2000) .
RESUMO
A heterogeneidade florística do cerrado pode sofrer influência de espécies florestais oriundas de matrizes vegetacionais próximas, sendo as matas de galeria uma das vias para essa ocupação. A expansão florestal por áreas savânicas pode ser explicada por tal fenômeno. As espécies arbustivoarbóreas presentes na área estudada, na cidade de Bauru, Estado de São Paulo, e em 14 diferentes localidades abrigando cerrado sensu stricto e cerradão, foram definidas como florestais a partir de listagens florísticas das fitocenoses em questão. As porcentagens de ocorrência de espécies florestais nas localidades analisadas variaram de zero a 4,5%. A proximidade de matrizes florestais, a ocorrência de incêndios e critérios de inclusão utilizados foram alguns dos fatores que podem ter influenciado tal variação.
